We have investigated the genomes of a series of primates to identify the presence of sequences related to human satellite DNAs I, II and III by restriction enzyme digestion and hybridisation with probes of these satellite DNAs.
INTRODUCTION
Using the technique of in situ hybridisation, Jones £t aj^. (1) first showed that DNA sequences with some homology to human DNA satellite III were present in the genomes of the chimpanzee and orangutan.
In later studies they isolated a satellite DNA from chimpanzee (Pan troglodytes) (chimp A) and homologous sequences were shown to be present within the human genome.
Although the evidence was indirect, it was assumed that chimpanzee A satellite and human satellite III were related sequences. A more detailed analysis of the chromosome distribution in the higher primates of DNA sequences homologous to human DNA satellite III (2) , and to human DNA satellites I, II and IV (3) confirmed the earlier findings that the higher primates shared common repeated DNA sequences.
Hydroxylapatite chromatography was used to isolate repetitive DNA sequences from the orangutan, gibbon, rhesus monkey, slow loris and man and the densities of the isolated fractions were compared in neutral caesium chloride (4) . These species were selected to span the Order Primates and it was concluded from the analysis of the DNA sequences of these diverse
Primates that the organisation of the repetitive DNA families was similar within the Order although within each species a particular DNA family (as defined by its buoyant density) might be more or less frequent than in other species.
A new class of DNA with sequences with a low frequency of repetition in man, bonnet monkey and galago have been examined and appear to have mutation rates similar to those of single-copy DNA sequences (5).
However, considerable divergence had occurred between these sequences in man and galago as shown by the thermal stabilities of the heteroduplexes.
More recently restriction endonucleases have been used to analyse the complexity of the repeated sequences in certain primate DNAs. When total human DNA is restricted with either EndoR Haelll or EndoR EcoRI and analysed by agarose gel electrophoresis, a ladder consisting of DNA fragments with sizes based upon a monomer of 170 b.p. is observed (6) . The relationship between the restriction profile of total human DNA and those of the isolated human satellite DNAs has now been established (7, 22) and the evolutionary relationships between the individual satellites characterised (22 Human satellite DNAs were prepared as previously described (22) with the exception that the vertical rotors of the Sorvall OTD-65 centrifuge were employed (11) .
Restriction Endonucleases
The enzymes were purchased from New England Biolabs and digestion conditions of DNA samples followed the recommended procedure of the manufacturer.
Gel Electrophoresis
DNA samples were separated on 1.5% agarose gels and the fragments located by staining with ethidium bromide (12) .
Hybridisation conditions
Transfer of DNA fragments onto nitrocellulose paper followed the procedure of Southern (13) . Nick-translation of DNA probes, hybridisation to filters, and subsequent washings at increasing temperatures were carried out as previously described using 0.12 M phosphate buffer pH 6.80 as the solvent (12, 22) . Filters challenged with more than one probe were heated in two changes of dist. H 2 O at 85°C for 1 hr., dried and checked for retention of radioactivity before hybridisation with the second probe.
DNA reassociation and HAP chromatography
Unlabelled DNA at a concentration of 100 iig/ml was reassociated in the presence of tracer amounts of labelled satellite DNA and fractionated on hydroxylapatite (2).
RESULTS

Buoyant Density Characteristics
Of the primate species studied only the DNA from Callicebus torquatus exhibits a satellite DNA component in neutral caesium chloride. The DNAs from the other primates exhibit a unimodal profile in caesium chloride with buoyant densities typical of mammalian DNAs. As in man (14) satellite DNAs can be isolated from the DNAs of the Hominoidea using silver/caesium sulphate gradients (Mitchell and Ryder, manuscript in preparation).
Satellite III Hybridisation to the family Hominidae heteroduplex with the siamang shows a unimodal melting profile (see Table 1 ).
Satellite III Hybridisation to Old and New World monkeys
In the previous section, hybridisation of human satellite to an Old World monkey, the lion-tailed macaque (Macaca silenus) (Fig. lb) , did not positively identify DNA sequences in this species which were homologous to human satellite III.
EndoR Hae III, however, demonstrated that digestion products indicative of the human Hae III ladder were present (Fig. la) .
There are two possible explanations for this discrepancy. Lambda DNA is the marker in track 8.
fragments from a gel similar to that of Fig. 2a onto a nitrocellulose filter, and hybridised with human satellite III under more relaxed hybridisation conditions (50°C in 3 x SSC). The result is shown in Fig. 2b and clearly shows that sequences homologous to human DNA satellite III can be detected in all the Old World monkey species used in the experiment.
The relative degree of hybridisation as judged by the density of the autoradiograph appears similar in the three Old World monkey DNAs, suggesting that the copy numbers of DNA sequences homologous to human satellite III are similar in these animals.
Of the family Ceboidae (New World monkeys) only the DNA from Pithecia pithecia produces identifiable digestion products with
Hae III. There is, however, some hybridisation of DNA satellite III to the DNA from these animals although no specific size products can be seen. The
stabilities of the heteroduplexes were tested by washing the filter under increasingly stringent conditions as described above. Satellite II -Hybridisation to the superfamily Hominoidea
Our earlier results (3) using ^n_ situ hybridisation indicated that sequences homologous to human DNA satellite II were present in both gorilla and orangutan but not in the chimpanzee (Pan troglodytes). Later work on the sequence interrelationship between the human satellite DNAs, however, showed quite clearly that a considerable sequence homology exists between human DNA satellites II and III (22) . Satellite II can be distinguished from satellite III using the restriction endonuclease EcoRI (22) so we have used this property to re-examine the distribution of satellite II within the Hominoidea. Human DNA digested with this enzyme gives primarily a ladder based upon a 340 b.p. dimer (6) . A fragment of this size can be seen in the channels containing human and chimpanzee (Pan troglodytes) DNA (Fig. 3a) .
Hybridisation of nick-translated human DNA satellite II to a nitrocellulose filter containing EcoRI restricted DNA is shown in Fig. 3b . The channel containing human DNA is rather overexposed in an attempt to increase the density of grains over the remainder of the samples. Hybridisation of DNA satellite II to human DNA is predominantly to the fragments of 1.35, 1.77 Fig. 3 . a) EcoRI digested DNAs separated on a 1.5% agarose gel. The tracks from left to right contain human male DNA, chimpanzee DNA, pygmy chimpanzee DNA, gorilla DNA, orangutan DNA and siamang DNA.
M
Lambda DNA digested with EcoRI and EcoRI/Hind III was run in tracks 7 and 8 respectively. The other members of the Hominoidea contain DNA sequences that hybridise with human satellite II to a much lesser degree and only in the gorilla and the two chimpanzee species can it be clearly detected. An assessment of the autoradiograph intensity suggests that the gorilla contains more satellite II equivalent sequence than either of the two chimpanzee species. The stability of the duplexes shown in Fig. 3b was measured by washing the filter in 0.12 M PB. The heterologous duplexes are clearly not as stable as the homologous reaction. (Fig. 3c) .
Satellite I -Hybridisation to the Hominoidea
Huamn satellite I and satellite III cross-hybridise to a certain degree (22) . The restriction endonuclease Hinfl cuts satellite III to fragments of 1.0 k.b. and below, whereas satellite I is uncut by this enzyme, which can thus be used to discriminate between the two satellite DNAs (Mitchell, unpublished observations). Fig. 4a shows DNA from the members of the Hominoidea which have been restricted with Hinfl and the products separated on a 1.5% agarose gel.
The maximum size of fragments derived from satellite III after Hinfl digestion is indicated. eighteen examples from the sub-family Cercopithecinae and one example from the sub-family Colobinae using a variety of restriction endonucleases (see Table 1 from Donehower and Gillespie). The prominent basic repeat sizes n v i> Fig. 4 . Hinfl digested DNAs separated on a 1.5% agarose gel. From left to right the tracks contain human male DNA, chimpanzee DNA, pygmy chimpanzee DNA, gorilla DNA, orangutan DNA and siamang DNA.
Tracks 7 and 8 contain lambda DNA digested with EcoRI and EcoRI/Hind III. Fig. 4b is an autoradiograph of human male satellite I hybridised to a Southern transfer of the DNA shown in Fig. 4a to a nitrocellulose filter. Fig. 4c is the result obtained when human male satellite III is hybridised to the same filter depicted in 4b after removal of the labelled DNA satellite I molecules. 
